This study was aimed at comparing the pH, color, thiobarbituric acid (TBA), volatile basic nitrogen (VBN), textural properties, and sensory evaluations of chicken meat patties containing lotus (Nelumbo nucifera) leaf powder, and assessing their shelf-life at refrigeration temperature (4±1 o C). In the refrigerated storage, the pH, lightness, yellowness, springiness values, and sensory properties scores of the control as well as all the treated samples decreased as the storage increased. The hardness, gumminess, chewiness, TBA, and VBN-values of control and all the samples treated with lotus leaf increased during refrigerated storage. At the end of the storage period (day 28), chicken patties containing lotus leaf powder had lower pH, redness, yellowness, TBA, VBN, hardness, gumminess, and chewiness values than those of control. The results of this study showed that a lotus leaf powder can increase storage stability in chicken meat products.
Introduction
Chicken meats and products are generally a very popular food commodity around the world, and its consumption has increased over the last decades in many countries (Chouliara et al., 2007) . Some of the reasons for their popularity are the relatively low cost of production, low fat content, and the high nutritional value of chicken breast meat. Chicken contains relatively high concentrations of polyunsaturated fatty acids. However, a high degree of polyunsaturation accelerates oxidative processes, leading to deterioration in meat flavor, color, and nutritional value (Sayago-Ayerdi et al., 2009).
Antioxidants play an important role in the chicken meat industry as inhibitors of oxidative rancidity and improve of shelf-life. Synthetic antioxidants such as BHT (butrylhydroxytoluene), TBHQ (tert-butylhydroquinone) is limited due to their potential carcinogenic effects . Thus, in the processing of chicken meat products, there is increasing need for a natural way to minimize oxidative rancidity and extend shelf-life (Naveena et al., 2008) .
Lotus (Nelumbo nucifera Gaertner, Nelumbonaceas family) leaf contains many components that are beneficial to human health (Ko et al., 2006) . Lotus, well-known by the term Indian lotus, is an aquatic perennial grown (rhizomes) throughout Asia, such as in Korea, China, Japan, and India (Choi et (Kim et al., 2005) , and antiobesity effects (Ono et al., 2006) . However, direct or indirect utilization of the leaves of lotus in meat processing and the potential health benefits that could thereby result are not well understood. Also, consumers have an important in meat products quality as well as the potential health benefits.
Therefore, the objective of this study was to investigate the effects of pH, color, TBA, VBN, textural properties, and sensory evaluations on the chicken patties containing different levels of lotus (Nelumbo nucifera) leaf powder.
Materials and Methods
Preparation and processing of lotus leaf powder The lotus (Nelumbo nucifera Gaertner, Nelumbonaceas family) leaves were purchased from a market in Gwangjin-gu, Seoul, Korea. It was ground for one minute using a blender (KA-2610, Jworld Tech, Korea) and passed though a 35-mesh sieve (particle size of <0.5 mm). The Nelumbo nucifera leaf powder (moisture content: 5.98%, protein content: 21.85%, fat content:1.01%, ash content: 8.67%, and pH: 5.42) was then placed in polyethylene bags, vacuum-packaged using a vacuum packaging system (FJ-500XL, Fujee Tech, Korea) and stored at 4 o C until used for product manufacture. The lightness, redness, and yellowness values of Nelumbo nucifera leaf powder were measured to be 47.13, -0.60, and 24.81.
Chicken patties preparation and processing Fresh chicken breast meat (broilers, M. pectoralis major, 5 wk of age, approximately 1.5-2.0 kg live weight) were obtained from a pilot plant at Konkuk University, Chungju, Korea. Pork back fat (moisture 12.59%, fat 86.23%) was also purchased from a local processor at 48 hr postmortem. Chicken breast meat was initially ground through an 8-mm plate and through a 3-mm plate. And then pork back fat was also ground through 8-mm plate and through a 3-mm plate. Each batch of samples consisted of five chicken patties, which differed in composition with respect to lotus leaf powder levels, plus another treatment (T1, T2, and T3) replacing lotus leaf powder with ascorbic acid. Mixed ingredients (1.5% salt, 0.3% sodium tripolyphosphate, 1.5% seasonging, 2.0% D-sorbitol, and 0.15% garlic powder) were added to the chicken breast meat and pork back fat. The meat and additives were mixed for 15 min at 4 o C by hand, and the chicken patty mixtures were divided into five equal portions. The first batch was used as a control, which treatment without both lotus leaf powder and ascorbic acid. The second batch was designated as TA, which treatment added 0.05% ascorbic acid. The other batches were supplemented with various levels (T1: 0.1%, T2: 0.2%, and T3: 0.4%) of lotus leaf powder ( 
pH
The pH values of meat patties were measured in a homogenate prepared with 5 g of sample and distilled water (20 mL) using a pH meter (Model 340, MettlerToledo GmbH, Switzerland). All determinations were performed in triplicate.
Color measurements
The color of each chicken meat patty was determined Thiobarbituric acid (TBA) value Lipid oxidation was assessed in triplicate by the 2-thiobarbituric acid (TBA) method of Tarladgis et al. (1960) with minor modifications. A 10 g sample was blended with 50 mL distilled water for 2 min and then transferred to a distillation tube. The cup used for blending was washed with an additional 47.5 mL of distilled water, which was added to the same disitillation flask with 2.5 mL 4 N HCl and a few drops of an antifoam agent, silicone o/w (KMK-73, Shin-Etsu Silicone Co., Ltd., Korea). The mixture was distilled, and 50 mL distillate was collected. Five mL of 0.02 M 2-thiobarbituric acid in 90% acetic acid (TBA reagent) was added to a vial containing 5 mL of the distillate and mixed well. The vials were capped and heated in a boiling water bath for 30 min to develop the chromogen, and then cooled to room temperature. Absorbances were measured using a UV/VIS spectrophotometer (Optizen 2120 UV plus, Mecasys Co. Ltd., Korea) at 538 nm, against a blank prepared with 5 mL distilled water and 5 mL TBA-reagent. Thiobarbituric acid-reactive substances (TBARS) were calculated from a standard curve (8-50 nmol) of malondialdehyde (MA), freshly prepared by acidification of TEP (1,1,3,3-tetraethoxy propane). Reagents were obtained from Sigma (UK). TBA levels were calculated as mg MA/kg samples.
Volatile basic nitrogen (VBN) value
Volatile basic nitrogen (mg%) test was performed to determine the extent of protein deterioration during refrigerated storage. VBN was measured by the modified micro diffusion assay according to the method of Pearson (1968) .
VBN (mg%)
Where, a=titer for sample, b=titer for blank, f=factor of reagent, N=normality, S=sample weight (g)
Texture profile analysis
Texture measurements in the form of texture profile analysis were performed at room temperature with a texture analyzer (TA-XT2i, Stable Micro Systems, England). The chicken meat patty samples were taken from the central portion of each patty. Prior to analysis, samples were allowed to equilibrate to room temperature (20
The conditions of texture analysis were as follows: spherical prove ø 0.25 mm diameter, pre-test speed 2.0 mm/s, post-test speed 5.0 mm/s, maximum load 2 kg, head speed 2.0 mm/s, distance 8.0 mm, force 5 g. The calculation of TPA values was obtained by graphing a curve using force and time plots. Values for hardness (kg), springiness, cohesiveness, gumminess (kg), and chewiness (kg) were determined by reported methods (Bourne, 1978) .
Sensory evaluation
Sensory evaluations were performed in triplicate on each sample by sensory panelists. A trained twelve-member panel consisting of researchers from the department of Food Sciences and Biotechnology of Animal Resources at Konkuk University in Korea was used to evaluate the chicken patties. Training of panelists was performed according to a sensory evaluation procedure. Each chicken patty was evaluated in terms of color, flavor, juiciness, tenderness, and overall acceptability. Chicken patties were cooked to a core temperature of 75 o C, cooled to 20 o C, cut into quarters (size: 5×5×3 cm), and served to the panelists randomly. Each sample was coded with a randomly selected 3-digit number. Sensory evaluations were performed under fluorescent lighting. Panelists were instructed to cleanse their palates between samples using warm water (30 o C). The color (1 = extremely undesirable, 6 = slightly desirable, 10 = extremely desirable), flavor (1 = extremely undesirable, 6 = slightly desirable, 10 = extremely desirable), tenderness (1 = extremely tough, 6 = slightly tender, 10 = extremely tender), juiciness (1 = extremely dry, 6 = slightly juicy, 10 = extremely juicy), and overall acceptability (1 = extremely undesirable, 6 = slightly desirable, 10 = extremely desirable) of the cooked samples were evaluated using a 10-point descriptive scale. This analysis was conducted using the hedonic test described by Choi et al. (2010) .
Statistical analysis
Analysis of variance was performed on all the variables measured using the general linear model (GLM) procedure of the SAS statistical package (1999). Duncan's multiple range test (p<0.05) was used to determine the significant difference between treatment means.
Results and Discussion
Changes of pH and color of chicken meat patties during refrigerated storage Fig. 1 shows the pH values of uncooked chicken patties with lotus leaf powder during refrigerated storage over 28 d. Initial (day 1) pH values for all lotus leaf treated samples were slightly lower than those for the control containing no added ingredients, but overall the treated samples and control did not significantly differ (p>0.05). Similar trends in pH values were observed in studies by Kim and Park (2008) Table 2 ). Lotus leaf powder reduced lightness, redness, and yellowness of raw chicken patty at 0 d (p<0.05). Also, the treated sample with added ascorbic acid showed the lowest lightness and the highest redness at 0 d. Similar results were obtained by Shin (2007) in quality characteristics of fish paste containing lotus leaf powder. This effect has been attributed to the diluting effect that non-meat ingredients such as lotus leaf have on meat pigment in chicken patties. The period of refrigerated storage affected lightness and yellowness values, which significantly decreased during storage in control and all treated samples (p<0.05). On the other hand, redness values of raw patty samples increased as storage progressed (p<0.05). These results showed similar trends to those in a study of Kim et al. (2008a) in which sweet persimmon powder was added to meat patties storage for improved storage stability. However, there have been different reports on the effects of storage on the color of meat products. While it has been indicated that storage had no significant effect on the redness value of meat products, or that such changes over the storage period were variable (Serrano et al., 2006) , such changes in color have been reported in association with patterns of change in other color parameters.
Changes of TBA and VBN values of chicken meat patties during refrigerated storage
The oxidation of lipids leading to rancidity is one of the most important changes during food storage and production (Melton, 1983; Rosmini et al., 1996) . Ulu (2004) reported that lipid oxidation in products may change the color, aroma, flavor, texture and even the nutritive values of the food. According to Brewer and Wu (1993) , oxidation of lipids causes deterioration and decreased shelf life of meat products. The TBA values in uncooked chicken patties with lotus leaf powder during refrigerated storage are shown in Fig. 2 . The analysis of variance for these Greene and Cumuze (1982) reported that a range of 0.6-2.0 mg/kg was considered to be the detectable minimum level for off-flavor by inexperienced panelists. Kohsaka (1975) studies also suggested a malondialdehyde concentration of 0.5 mg/kg as a threshold value for rancidity perception by consumers.
Measurement of VBN, which is the result of the de- All values are mean±SD of three replicates.
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Treatments are the same as in Table 1 . Kohsaka, 1975) . The influence of added lotus leaf powder on VBN content in chicken meat patties is shown in Fig. 3 . The VBN content in chicken meat patties with lotus leaf powder increased during refrigerated storage periods (p<0.05). The VBN content in the control was higher than that of the lotus leaf powder treated samples in storage at day 28 (p>0.05). However, among the samples treated with lotus leaf powder the VBN content in chicken meat patties was not significantly affected at 28 d of storage (p<0.05). This result represents a similar trend to the TBA values in the chicken meat patties. According to Field and Chang (1969) , VBN content has been considered as a spoilage indicator, and is increased by proteolysis carried out by microorganisms and enzymes in meat products (Jung et al., 2010) . All values are mean±SD of three replicates.
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Changes in texture profile analysis of chicken meat patties during refrigerated storage Changes in textural properties of meat patties with lotus leaf powder-treated samples during refrigerated storage period are shown in Table 3 . Generally, there were significant differences in textural attributes among all treated chicken patty samples with different amounts of added lotus leaf powder. Chicken meat patties with added lotus leaf powder showed lower values for hardness, gumminess, and chewiness than a control at 0 d. The springiness of meat patty samples was not significantly different among the control and samples with added lotus leaf powder at 0 d. Refrigerated storage consistently and significantly increased the hardness, gumminess, and chewiness of both the control and samples with added lotus leaf powder through 28 d. Increasing the lotus leaf powder levels from 1 to 3%, the hardness, gumminess, and chewiness of chicken meat patties were significantly decreased (p<0.05). However, the springiness of both the control and treated samples decreased during refrigerated storage. Similar trends in hardness were observed in studies by Verma et al. (1984) Table 4 . The chicken meat patties prepared from control and with added ascorbic acid treatment had the highest color scores among all the samples at 0 d (p<0.05), but the control and all treated samples did not significantly showing that 6% lotus leaf powder levels had the greatest overall acceptability score. According to Shin (2007) , among all treatments, the flavor, taste, texture, and overall acceptability score of fish paste containing lotus leaf powder were the greatest in samples treated with 0.5% lotus leaf powder. Since the color, flavor, tenderness, juiciness, and overall acceptability scores in the control and all treated samples decreased during refrigerated storage periods (p<0.05), all trait parameter scores were the lowest at 28 d. These results agree with Hoe et al. (2006) , who reported similar sensory characteristics for low-fat emulsion sausage supplemented with tomatoes during refrigerated storage, and with Kim et al. (2008b) , who evaluated pork patties containing silkworm powder during cold storage. Kim et al. (2008a) showed sensory properties of meat patties in freeze storage containing sweet persimmon powder were improved.
The chicken patty made with addition lotus leaf powder had significantly lower TBA and VBN values compared to controls during refrigerated storage. Chicken patties containing lotus leaf powder had similar sensory characteristics to control, except in color score. Thus, results of this study showed that added lotus leaf powder in chicken meat patty formulations can improve shelf-life during refrigerated storage. And the chicken meat patty with lotus leat powder showed sensory properties similar to control chicken meat patties.
